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Key indicators: single-crystal X-ray study; T = 203 K; mean ct(C-C) = 0.003 A; 
disorder in main residue; R factor = 0.036; wR factor = 0.086; data-to-parameter 
ratio = 14.0. 



The title adduct, [TiCl 2 (C 23 H 30 O 2 )(C 1 3H 10 O]-0.5C 13 H 10 - 
C 4 H 10 O, is a monomer with a trigonal-bypyramidal coordina- 
tion sphere of the Ti IV atom in which the ligand O atoms of the 
bidentate diphenolate anion are located in both apical and 
equatorial positions. Chloride ligands occupy the remaining 
two equatorial sites of the trigonal bypyramid with the 
fluoren-9-ol O atom occupying the other apical site. The 
hydroxy group H atom of this latter group is hydrogen bonded 
to an O atom of a non-coordinating diethyl ether molecule. 
The title compound also contains a further fluorene solvent 
molecule, which lies across a centre of symmetry and which is 
equally disordered over an inversion centre. 




Experimental 

Crystal data 

[TiCl 2 (C 23 H 30 O 2 )(C 13 H 10 O)]- 

C4H 10 O-0.5C 13 H 10 
M r = 796.71 
Triclinic, PI 
a = 12.710 (3) A 
b = 13.227 (3) A 
c = 14.431 (3) A 
a = 110.28 (3)° 

Data collection 

Siemens SMART diffractometer 
Absorption correction: multi-scan 

(Blessing, 1995) 

T min = 0.904, r m „ = 0.971 



Refinement 

R[F 2 > 2a(F 2 )] = 0.036 

wR(F 2 ) = 0.086 

S = 1.07 

7432 reflections 

531 parameters 



Table 1 

Selected bond lengths (A). 



P = 109.22 (3)° 
y = 91.72 (3)° 
V = 2120.2 (7) A 3 
Z = 2 

Mo Ka radiation 
li = 0.37 mm~' 
T = 203 K 

0.28 x 0.22 x 0.08 mm 



18146 measured reflections 
7432 independent reflections 
6033 reflections with / > 2<r(7) 
Ri„, = 0.025 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap max = 0.35 e A~ 3 

^Pmm = -0-37 e A~ 3 



Ti-02 
Ti-Ol 
Ti-04 



1.7755 (13) 
1.8040 (14) 
2.1485 (15) 



Ti-CU 
Ti— Q2 



2.2778 (12) 
2.2963 (9) 



Related literature 

For monomeric complexes of 4-coordinate titanium contain- 
ing the 2,2'-methylene-bis-(4-methyl-6-fert-butylphenolato) 
ligand, see: Toscano et al. (1998). For two other structures with 
a five-coordinate metal atom containing this type of ligand, 
see: Okuda et al (1995); Gielens et al. (1999). 



Table 2 

Hydrogen-bond geometry (A, °). 



D-H-A 


7J-H 


H- ■ A 


D- ■ A 


D-H-A 


04-H4- ■ 03 


0.89 (3) 


1.76 (3) 


2.648 (2) 


180 (3) 



Data collection: SMART (Siemens, 1995); cell refinement: SAINT 
(Siemens, 1995); data reduction: SAINT; program(s) used to solve 
structure: SHELXS90 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 for Windows (Farrugia, 1999); software used to prepare 
material for publication: SHELXTL (Sheldrick, 2008). 
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[6,6'-Bis(1 ,1 -dimethylethyl)-4,4'-dimethyl-2,2 '-methylenediphenolato- 
/c 2 0,O f ]dichlorido(9H-fluoren-9-ol-/fO)titanium(IV)-fluorene-diethyl ether 
(1/0.5/1) 

Alastair J. Nielson, Chaohong Shen and Joyce M. Waters 
1 . Comment 

Titanium complexes containing the 2,2-methylene&«-(6-ter?-butyl-4-methylphenolato) ligand (OAr) 2 are well known and 
have been used as catalysts for olefin polymerization reactions. These catalysts are normally based on the dichloro 
complex [TiCl 2 {(OAr) 2 }] for which the X-ray crystal structures of this type of molecule shows a monomeric molecule 
with a distorted tetrahedral geometry (Toscano et al. 1998). This type of molecule is apparently coordinatively 
unsaturated since there are two reports of X-ray structures which show a fifth ligand can be added (Okuda et al. 1995; 
Gielens et al. 1999). During reactions of [TiCl 2 {(OAr) 2 }] in which we were attempting to replace one of the chloro 
ligands with a fluorene ligand Ci 3 H 9 , (Fl), the lithiated salt of fluorene was reacted with the titanium precursor and the 
resulting solution was stood for several months at -20° in an attempt to form crystals of the expected [TiCl(Fl){(OAr) 2 }] 
product. Over the extended crystallization period a small quantity of crystals was obtained and these were found to be the 
fluoren-9-ol adduct of the original [TiCl 2 {(OAr) 2 }] starting material with solvate molecules of diethyl ether and fluorene 
included. The fluoren-9-ol ligand apparently resulted from the lithiated fluorene undergoing hydrolysis as a result of slow 
moisture ingress into the reaction flask over the crystallization period and the resulting alcohol molecule coordinating to 
unreacted [TiCl 2 {(OAr) 2 }]. The small amount of crystalline material obtained supports this hypothesis. The fluorene 
molecule found in the unit cell apparently arises from the initial reaction of fluorene with w-butyl lithium not reaching 
completion. 

The overall coordination geometry of the molecule is that of a distorted trigonal bipyramid with the oxygen atom of one 
side of the bidentate fe-phenolato ligand in one apical position and the oxygen atom of the fluoren-9-ol ligand in the 
other apical site. This positioning is similar to that of the two other 5-coordinate molecules characterized by X-ray 
crystallography (Okuda et al. 1995; Gielens et al. 1999). The second oxygen atom of the bidentate Zw-phenolato ligand 
occupies one of the equatorial sites with the remaining equatorial positions being taken up by chloro ligands. The largest 
distortion of the trigonal bipyramid essentially arises from the positioning of the tert-butyl group in the 2-position of the 
benzene ring of the phenolato ligand that lies in the apical position. This group lies over the top of Cl(l) which apparently 
causes the 0(2) — Ti — Cl(l) bond angle to open out to 98.5 (1)°. In comparison Cl(2) is not in close proximity to the tert- 
butyl group and the 0(2) — Ti — Cl(2) bond angle is smaller at 91.9 (1)°. The 0(2) — Ti — 0(1) bond angle which involves 
the bidentate fe-phenolato ligand is 95.6 (1)°. On the opposite side of the molecule where the fluorene-9-ol ligand 
resides the 0(4) — Ti-ligand angles are all somewhat compressed with values ranging from 82.3 (1) to 87.1 (1)°. The 
angles associated with the equatorial sites of the trigonal bipyramid [range 117.46 (4) to 121.8 (1) °] show little, if any, 
compression effects. In this case the fert-butyl group in the 2-position of the phenolato ligand attached to the equatorial 
site, 0(1) is well away from Cl(l), Cl(2) and 0(4). 
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For the Ti — O bond distances associated with the bidentate fe-phenolato ligand, the Ti — 0(2) bond length [1.776 (1) 
A] which involves the oxygen in the apical position of the trigonal bipyramid is significantly shorter than the Ti — 0(1) 
bond length [1.804 (1) A] which involves the equatorial position. The shorter bond to 0(2) is related to a greater degree 
of ^--donation from oxygen lone pairs to the metal. Features associated with this aspect are that 0(2) lies trans to the 
datively bonded 0(4) atom which means there is minimal competition for 7r-orbitals on the metal. In addition the Ti — 
0(2) — C(13) bond angle [155.3 (1)°] approaches linearity which allows a maximum donation of the oxygen atom p 
orbitals. For the longer Ti — 0(1) bond, the Ti — 0(1) — C(l) bond angle is 140.5 (1)° which allows less donation of this 
type from the oxygen. The bidentate ligand is positioned with the carbon atom that forms the bridge between the two 
phenyl rings (CI 4) pointing towards the back of the molecule and it is this arrangement that places the /ert-butyl group at 
the 2-postion of the apical phenolato ligand phenyl group over Cl(l). 

The fluoren-9-ol ligand coordinates to the metal centre via a dative bond involving a lone pair of electrons from the 
alcohol oxygen 0(4). Since the bond does not have a ;r-donor component the Ti — 0(4) bond length [2.149 (2) A] is much 
longer than the 6/s-phenolato ligand Ti — O bond lengths. The Ti — 0(4) — C(25) bond angle is 130.8 (1)° which is larger 
than the normal bent angle and reflects the push-back effect oxygen lone pairs have on this type of molecule. With this 
angle there is no clash between the C(25) hydrogen and the nearby Cl(l) atom. 

The alcohol hydrogen (H4) is hydrogen bonded to the oxygen atom of a non-coordinated diethyl ether molecule at a 
distance of 1.76 (3) A in a linear arrangement [0(4)— H(4)-0(3) bond angle 180 (3)°]. The diethyl ether C(38)— 0(3)— 
C(40) bond angle is 115.3 (2)°. 

The crystal structure also shows that there is also a half-weighted fluorene molecule, Ci 3 Hi 0 contained in the unit cell 
which is not coordinated to the metal. This lies across a centre of symmetry. 

2. Experimental 

Using normal bench-top techniques for air-sensitive compounds, «-butyl lithium (3.8 ml of a 1.6 moVL solution, 6.02 
mmol) was added dropwise to a solution of fluorene (1.00 g, 6.02 mmol) in diethyl ether (30 ml) cooled to 78°C and the 
mixture was warmed to room temperature and stirred for a further 2 h. The solution was added dropwise to a solution of 
[TiCl 2 {(OAr) 2 }] (2.83 g, 6.02 mmol) in diethyl ether (50 ml), chilled to 0°C and the mixture allowed to warm to room 
temperature and the stirring continued overnight. The solution was filtered, the volume reduced to ca 20 ml and the 
solution stood at -20° C for several months whereupon a small quantity of colourless crystals was formed. A crystal was 
chosen from the mass and the X-ray crystal structure obtained. 

3. Refinement 

All H atoms, except H4, were included in calculated positions and refined using a riding model [£/(H) eq = 1.2£/C eq for 
aromatic CH and U(H) = 1.517(C) for methyl H atoms]. C — H distances of 0.96 A and 0.93 A were assumed for aromatic 
and methyl groups respectively. For H4, the atom involved in the H-bonding, the positional parameters were refined but 
the thermal parameter was held constant at 0.08. 

The non H-bonded solvent molecule was half-weighted since it lay across the centre of symmetry and its two six- 
membered rings were refined as rigid groups. 

Computing details 

Data collection: SMART (Siemens, 1995); cell refinement: SAINT (Siemens, 1995); data reduction: SAINT (Siemens, 
1995); program(s) used to solve structure: SHELXS90 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 1999); software used to prepare material for 
publication: SHELXTL (Sheldrick, 2008). 
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C22 



C24 



C35 




C15 



C18 



C34 



Figure 1 

Diagram of title compound showing atom labeling and with atomic displacement parameters drawnn at the 50% 
probability level. Hydrogen atoms are omitted for clarity. 



[6,6'-Bis(1 ,1 -dimethylethyl)-4,4^dime^ 
KO)titanium(IV)-fluorene-diethyl ether (1/0.5/1) 



Crystal data 

[TiCl 2 (C 23 H 3 o0 2 )(C 13 H 1 oO)]-C 4 H 1 oO-0.5C 1 3H 1 o 

M r = 796.7 1_ 

Triclinic, PI 

Hall symbol: -P 1 

a= 12.710 (3) A 

/> = 13.227 (3) A 

c= 14.431 (3) A 

a = 110.28(3)° 



A= 109.22 (3)° 
y = 91.72 (3)° 
V= 2120.2 (7) A 3 
Z=2 

P(000) = 844 

D x = 1.248 MgnT 3 

Mo & radiation, 1 = 0.71073 A 

Cell parameters from 5551 reflections 
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(9 = 2-25° 

H = 0.37 mrrT 1 

T=203 K 

Data collection 

Siemens SMART 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
Area detector w scans 
Absorption correction: multi-scan 

(Blessing, 1995) 
7^ = 0.904,7^ = 0.971 



Irregular fragment, red 
0.28 x 0.22 x 0.08 mm 



18146 measured reflections 
7432 independent reflections 
6033 reflections with I > 2a(T) 
R mt = 0.025 

ftnax = 25.1°, ^min = 1.6° 

A = -15->14 
& = -15->14 
/ = 0— >17 



Refinement 

Refinement on F 2 

Least-squares matrix: full 

RiF 1 > laiF 1 )} = 0.036 

wRiF 2 ) = 0.086 

S = 1.07 

7432 reflections 

531 parameters 

0 restraints 

0 constraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 



Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = l/[ci 2 (F 0 2 ) + (0.0268P) 2 + 1.2664P] 

where P = (F 2 + 2F 2 )/3 
(A/(7) max = 0.001 
Ap max = 0.35 e A" 3 
A/w = -0.37 e A" 3 

Extinction correction: SHELXL97 (Sheldrick, 

2008),Fc*=kFc[l+0.001xFc 2 l 3 /sin(26>)]- 1/4 
Extinction coefficient: 0.0008 (3) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > oiF 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


TT- *ITJ 


Ti 


0.59181 (3) 


0.73459 (3) 


0.24921 (3) 


0.01990(10) 


Cll 


0.66189 (4) 


0.84629 (4) 


0.42383 (4) 


0.03050 (13) 


C12 


0.64541 (5) 


0.56538 (4) 


0.20349 (4) 


0.03257 (14) 


04 


0.46553 (12) 


0.65866(11) 


0.28390 (11) 


0.0232 (3) 


01 


0.46954(11) 


0.76509(11) 


0.16236 (10) 


0.0218(3) 


02 


0.69091 (11) 


0.78731 (11) 


0.20806 (10) 


0.0215 (3) 


03 


0.26771 (12) 


0.56947 (13) 


0.12867 (11) 


0.0341 (4) 


CI 


0.44084(16) 


0.81060(16) 


0.08647(15) 


0.0210(4) 


C2 


0.37136 (16) 


0.89285 (16) 


0.09469 (16) 


0.0230 (4) 


C3 


0.34059 (17) 


0.93113 (17) 


0.01229(17) 


0.0275 (5) 


H3 


0.2942 


0.9853 


0.0154 


0.033* 


C4 


0.37470 (17) 


0.89349 (18) 


-0.07426(16) 


0.0278 (5) 



Occ. (<1) 
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L5 


0.44411 (17) 


A 01 A AC\ / 1 T\ 

0.81449 (17) 


A ATTTT /1z^\ 

-0.07777 (16) 


A AT jCT { C\ 

0.0267 (5) 


H5 


0.4oo / 


A lOOO 

U. /888 


A 1 1 CO 

—0.1352 


A AO O * 

0.032* 


Co 


0.4/851 (16) 


U. / /ZOO (lo) 


A AA1 C 1 /1 C\ 

0.00151 (15) 


0.0221 (4) 


C8 


A /1T\ 

0.68002 (17) 


A T>ni c /1 

0.73915 (16) 


A AOACO /1 C\ 

0.03058 (15) 


A AT 1 A / A \ 

0.02 19 (4) 


C9 


n T2T2C /1 

0. 1 5152) (1 /) 


a nm&n i 1 n\ 
0. /3 /6 / (1 /) 


—0.04085 (16) 


A AOCA t A ^ 

U.UzjU (4) 


on 
H9 


0.6906 


A "7AC £ 

0. /056 


A 1 1 /l A 

—0.1140 


A A1 A* 

0.030^ 


CIO 


0.84334 (18) 


U. /8z86 (1 /) 


A nnco 1/1 £\ 

—0.00581 (16) 


A AO£A f Z\ 

0.0260 (5) 


Cll 


0.90583 (17) 


A OAI I / 1 "7\ 

0.83031 (17) 


A 1 AO 1 / 1 

0.10316 (16) 


A AT/"C /C\ 

0.0265 (5) 


TT1 1 
Hll 


0.9821 


A OH 1 A 

0.8610 


a 1 t zit 

0.1267 


A AO T A 

0.032* 


C12 


0.85864 (lo) 


A A AC\ / 1 lZ\ 

0.83449 (lo) 


A 1 TAA 1 / 1 C\ 

0.1 /901 (15) 


A AO OA //I A 

0.0220 (4) 


C13 


0.74406 (16) 


0.78770 (16) 


A 1 TA/in / 1 C\ 

0.13949 (15) 


A AT A C / A \ 

0.0205 (4) 


C14 


0.55725 (16) 


0.68790 (16) 


A AAOA/" /1 C\ 

-0.00806 (15) 


A ATOC i A\ 

0.0235 (4) 


T T 1 yl A 

H14A 


A C CAT 

0.5503 


{\ £L A A A 

0.6444 


A AO O 1 

0.0331 


A AT O A 

0.028* 


t r i 




0.6383 


A AOO A 

—0.0824 


A AOO* 

0.028* 


C15 


A O O O O /T\ 

0.3383 (2) 


A AO A 1 /1\ 

0.9391 (2) 


-0.16034 (18) 


A AO H £. { £\ 

0.0376 (6) 


H15A 


0.3996 


A A AT T 

0.9922 


-0.1501 


0.056* 


tti r n 

H15B 


0.2729 


A AT A 1 

0.9741 


A 1 CTO 

-0.1573 


A AC/"* 

0.056* 


H15C 


A O 1 A 1 

0.3191 


A O O AT 

0.8802 


ATT OA 

-0.2289 


A AC 

0.056* 


C16 


0.33479 (18) 


A A /I 1 TO / 1 T\ 

0.94173 (17) 


A 1 AAOA /1 T\ 

0.19089 (17) 


A AT H 1 { C\ 

0.0271 (5) 


L17 


A A OAT / T\ 

0.4393 (2) 


1 A A A If / 1 A\ 

1.00425 (19) 


A 1AAf£ /I OA 

0.29056 (18) 


A AO CH f c\ 

0.0367 (5) 


H17A 


0.4159 


1.0373 


A "1 C f\A 

0.3504 


A AC C A 

0.055* 


H17B 


0.4773 


1 A/"AO 

1.0608 


A TTAA 

0.2790 


0.055* 


TTI TP 

H17C 


A yl A A /I 

0.4904 


A AC A A 

0.9540 


A O AC 1 

0.3051 


A AC C A 

0.055* 


C18 


A T CO 'I 

0.2532 (2) 


1 Aim /1A\ 

1.02337 (19) 


0.17562 (19) 


A AO ZTO { C\ 

0.0363 (5) 


T T 1 O A 

H18A 


A 1 on A 

0.1874 


0.9872 


nun 

0.1117 


A AC A * 

0.054* 


H18B 


0.2910 


1.0842 


0.1695 


0.054* 


H18C 


A T O AzT 

0.2296 


1 AC AT 

1.0502 


A T 1 £ 1 

0.2361 


A AC A A 

0.054* 


/~< 1 a 

L19 


A TT? 1 ZO\ 

0.2731 (2) 


A 0010 / 1 A\ 

0.85313 (19) 


A T AA 1 / T\ 

0.2091 (2) 


A AO C H /C\ 

0.0356 (5) 


T T 1 A A 

H19A 


0.2559 


a oocn 

0.8859 


A TTTT 

0.2727 


A AO * 

0.053* 


H19B 


A O T AO 

0.3208 


0.7986 


0.2172 


A ACT* 

0.053* 


T r i a/"* 


a ^r\i a 
0.2U34 


A O 1 O O 

0.8188 


A 1 A OO 

0.1488 


A AC5 * 

0.053* 


C20 


A AAl Ol /1 A\ 

0.90321 (19) 


0. / /85 (2) 


—0.08351 (18) 


A (\1 AH /C\ 

0.034 / (5) 


t n a a 
H20A 


A A") T A 

0.9370 


A OC 1 O 

0.8518 


-0.0689 


0.052* 


H20B 


0.8481 


0.7479 


-0.1552 


0.052* 


H20C 


0.9615 


0.7331 


-0.0761 


A Af^ik 

0.052* 


C21 


0.y2 / 5y (16) 


U.885 /y (1 /) 


0.2y85y (15) 


A AOIO / A\ 

0.0239 (4) 


/Til 

Liz 


i n^nii /io\ 
1.04921 (18) 


a mil /o\ 

0.9323 (2) 


0.32137 (18) 


A AO AH f c\ 

0.0347 (5) 


H22A 


1.0869 


0.8736 


0.2918 


A A C O sfc 

0.052* 


H22B 


1.0891 


0.9668 


0.3974 


A Af^ik 

0.052* 


rlzzC 


1 A/1 QO 

1.0488 


0.V858 


0.28VJ 


A ACO* 

0.052^ 


C23 


0.87372 (18) 


A AOA/1/1 / 1 T\ 

0.98044 (17) 


A OCTTO /1 /~ \ 

0.35278 (16) 


A ATTT /f \ 

0.0277 (5) 


H23A 


0.8765 


1.0376 


0.3255 


A A /I T sfc 

0.042* 


H23B 


A A 1 C 1 

0.9151 


1 AAA C 

1.0095 


A A T OT 

0.4287 


A A A T * 

0.042* 


H23C 


A TAC"7 
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U.U46 (3) 


A AAA /OA 

U.UUU (3) 


a nn //i a 
U.U1 / (4) 


A AOO //I A 

u.uzy (4) 


pf o 

C35 


A AC A /-I A 

U.Udu (4) 


A AC"7 1 A A 
U.U3 / (4) 


A ACO 1 A \ 
U.U3Z (4) 


A A 1 A /OA 

U.U1U (3) 


A AOO /OA 

U.Uzz (3) 


A AO O i A A 

U.U3z (4) 


C59 


0.073 (6) 


0.050 (4) 


0.056 (4) 


-0.001 (4) 


0.029 (4) 


0.022 (4) 


C60 


0.11 (2) 


0.045 (12) 


0.088 (14) 


0.015(12) 


0.069 (15) 


0.031 (10) 


C61 


0.058 (5) 


0.067 (7) 


0.121 (10) 


0.031 (5) 


0.057 (6) 


0.070 (7) 


C62 


0.035 (4) 


0.053 (4) 


0.060 (5) 


0.007 (4) 


0.018(3) 


0.044 (4) 


C63 


0.047 (3) 


0.079 (4) 


0.076 (4) 


0.006 (3) 


0.013 (3) 


0.058 (4) 



Geometric parameters (A, °) 


Ti— 02 


1.7755 (13) 


C24— H24B 


0.9700 


Ti— 01 


1.8040(14) 


C24— H24C 


0.9700 


Ti— 04 


2.1485 (15) 


C25— C26 


1.520 (3) 


Ti— Cll 


2.2778 (12) 


C25— C37 


1.525 (3) 


Ti— C12 


2.2963 (9) 


C25— H25 


0.9900 


04— C25 


1.453 (2) 


C26— C27 


1.383 (3) 


04— H4 


0.89 (3) 


C26— C31 


1.400 (3) 


01— CI 


1.379 (2) 


C27— C28 


1.397 (3) 


02— C13 


1.371 (2) 


C27— H27 


0.9400 


03— C38 


1.442 (3) 


C28— C29 


1.389 (3) 


03— C40 


1.442 (3) 


C28— H28 


0.9400 


CI— C6 


1.400 (3) 


C29— C30 


1.384 (3) 


CI— C2 


1.419(3) 


C29— H29 


0.9400 


C2— C3 


1.395 (3) 


C30— C31 


1.387 (3) 


C2— C16 


1.543 (3) 


C30— H30 


0.9400 


C3— C4 


1.391 (3) 


C31— C32 


1.469 (3) 


C3— H3 


0.9400 


C32— C33 


1.389 (3) 


C4— C5 


1.386 (3) 


C32— C37 


1.402 (3) 


C4— CI 5 


1.509 (3) 


C33— C34 


1.387 (3) 


C5— C6 


1.395 (3) 


C33— H33 


0.9400 


C5— H5 


0.9400 


C34— C35 


1.384 (3) 


C6— C14 


1.520 (3) 


C34— H34 


0.9400 


C8— C9 


1.394 (3) 


C35— C36 


1.396 (3) 
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z" 1 o nn 

Co — CI J 


1 A(\A (^1 \ 

1.404 (3) 


pif TT1 Z 

C35 — H35 


A A A A A 

0.9400 


C8 — C14 


1.519 (3) 


Z""' Z' /" ^ ") T 

C36 — C37 


1 1 OT \ 

1.387 (3) 


p i \ p 1 i \ 

C9 — CIO 


1.391 (3) 


p O /" T T") /" 

C36 — H36 


A A A A A 

0.9400 


r (\ TTA 

C9 — H9 


A A A A A 

0.9400 


pin r^-)C\ 

C38 — C39 


1.504 (3) 


pin /"< 1 1 
CIO — Cll 


1 IAzT /T\ 

1.396 (3) 


pi^O XT') O A 

C38 — H38A 


A AOAA 

0.9800 


CIO — C20 


1.517 (3) 


C38 — H38B 


A AOAA 

0.9800 


nil p | 

Cll — C12 


1.398 (3) 


/--"1A T T") A A 

C39 — H39A 


A ATAA 

0.9700 


Cll — Hll 


A A /I A A 

0.9400 


C39 — H39B 


A ATAA 

0.9700 


p i O PI") 

C12 — C13 


1 -1 AO \ 

1.408 (J) 


pin TTTAz" 1 

C39 — H39C 


A ATAA 

0.9700 


C12 — C21 


1.537 (3) 


Z" 1 /I A /~1 /| 1 

C40 — C4l 


1 A A A \ 

1.499 (3) 


p 1 ,1 TT1/1A 

C14 — H14A 


A AOAA 

0.9800 


p<A TT/1AA 

C40 — H40A 


A AOAA 

0.9800 


p i ^ T T 1 /I Ti 

C14 — H14B 


A AOAA 

0.9800 


P^a TT/1AT1 

C40 — H40B 


A AOAA 

0.9800 


pi f T T K A 

CI j — H15A 


A ATAA 

0.9 /00 


Z" 1 A 1 T T /I 1 A 

C41 — H41A 


A ATAA 

0.9/00 


p i c t t 1 m 

C15 — H15B 


A AT AA 

0.9700 


pi,i i tt ^ i n 

C41 — H41B 


A ATAA 

0.9700 


C15 — H15C 


A AT AA 

0.9700 


Z" 1 A 1 TT/I 1 Z~ " 

C4l — H41C 


A ATAA 

0.9700 


C16 — C19 


1.533 (3) 


C5l — C52 


1.3900 


p 1 /_ p i -7 

C16 — C17 


1 OA /") \ 

1.539 (3) 


C51 — C56 


1 1 AAA 

1.3900 


p 1 / p I o 

C16 — C18 


1.540 (3) 


pr i p /- -> 

C51 — C63 


1 c ni /on 

1.502 (8) 


p i <"7 T T 1 "7 A 

C17 — H17A 


A AT A A 

0.9700 


C52 — C53 


1.3900 


PH T T 1 1 T~i 

C17 — H17B 


A ATAA 

0.9700 


PC 1 TTf 1 

C5z — H5z 


A A A A A 

0.9400 


C17 — H17C 


a ataa 

0.9700 


PC) p c /I 

C53 — C54 


1 AAA 

1.3900 


Z"< 1 O TTIOA 

C18 — H18A 


A AT AA 

0.9700 


/in TTO 

C53 — H53 


A A A AA 

0.9400 


p 1 o t t 1 on 

C18 — H18B 


A AT A A 

0.9700 


C54 — C55 


1.3900 


C18 — H18C 


A ATAA 

0.9700 


C54 — H54 


A A A AA 

0.9400 


C19 — H19A 


A ATAA 

0.9700 


pre rir 

C55 — C56 


1 AAA 

1.3900 


p i r\ T T 1 ATi 

C19 — H19B 


A ATAA 

0.9700 


C55 — H55 


A A A AA 

0.9400 


P 1 f\ Til P 

C19 — H19C 


A ATAA 

0.9700 


C56 — C57 


1.455 (5) 


p^H t TO A A 

LzO — H2 OA 


A ATAA 

0.9700 


prn pro 

C57 — C58 


1 ■*? AAA 

1.3900 


pin T to AT) 

LzO — Hz OB 


A ATAA 

0.9700 


C57 — C62 


1 O AAA 

1.3900 


C20 — H20C 


0.9700 


C58 — C59 


1.3900 


p o i PH 

C21 — C22 


1.533 (3) 


C58 — H58 


A A A A A 

0.9400 


C21 — C23 


1.539 (3) 


PCA P^A 

C59 — C60 


1 AAA 

1.3900 


C21 — C24 


1 f /If /T\ 

1.545 (3) 


C59 — H59 


A A A A A 

0.9400 


Z"^H TTH A 

C22 — H22A 


A ATAA 

0.9700 


C60 — C61 


1.3900 


C22— H22B 


0.9700 


C60— H60 


0.9400 


C22— H22C 


0.9700 


C61— C62 


1.3900 


Lz3 — Hz3A 


A ATAA 

0.9700 


p /" l t 1 tC 1 

Col — H61 


A A A AA 

0.9400 


C23 — H23B 


A ATAA 

0.9700 


C62 — C63 


1.511 (8) 


f ' ~\ -> TTT)P 

C23 — H23C 


A ATAA 

0.9700 


Z^ 1 Z' O T T/"0 A 

C63 — H63A 


A AOAA 

0.9800 


/~"~S A J TO yl A 

Lz4 — Hz4A 


A ATAA 

0.9700 


p /- ") TTzTOT) 

C63 — H63B 


A AOAA 

0.9800 


02 — Ti — 0 1 


95.60 (6) 


P 1 -I p T> T TA1 p 

C21 — C23 — H23C 


109.5 


/~\0 T " / \ A 

02 — Ti — 04 


1 T /I A f t f\ 

174.46 (6) 


TTOO A p 1 TTPiip 

H23A — C23 — H23C 


1 AA C 

109.5 


Ul — ll — U4 


oz.zo (6) 


Hz3B — C23 — H23C 


1 AA C 

1U9.5 


02— Ti— Cll 


98.45 (6) 


C21— C24— H24A 


109.5 


01— Ti— Cll 


118.21 (6) 


C21— C24— H24B 


109.5 


04— Ti— Cll 


87.05 (5) 


H24A— C24— H24B 


109.5 


02— Ti— C12 


91.89 (5) 


C21— C24— H24C 


109.5 


01— Ti— C12 


121.81 (6) 


H24A— C24— H24C 


109.5 



Acta Cryst. (2013). E69, m673-m674 



sup-9 



supplementary materials 



(J4 — li — Liz 


OA AC /f \ 

84.95 (5) 


P 1 1 rp ■ P 1 O 

Cll — li — C12 


11*7 /l^ 

117.46 (4) 


C25 — (J4 — li 


1 ta o*> / 1 1\ 

130.83 (12) 


/-IOC r\A TT/I 

C25 — (J4 — H4 


111 n\ 

111 (2) 


li — <J4 — H4 


1 1 O ZO\ 

118 (2) 


P 1 p. 1 rp • 

CI — (Jl — li 


140.46 (12) 


p 1 o PO T " 

C13 — Uz — li 


155.26 (13) 


C38 — 1)3 — C40 


1 1 f o c / 1 T\ 

115.25 (17) 


(Jl — CI — Co 


1 1 O AO /1 T\ 

118.93 (1 /) 


(Jl — CI — Cz 


i in 11 { 1 T\ 

119.33 (17) 


p / rii PO 

C6 — CI — C2 


121.71 (17) 


p O p o p 1 

C3 — C2 — CI 


1 1 / TO p. 0\ 

116.33 (18) 


pi po p 1 
C3 — C2 — C16 


1 OA OC /1 Q\ 

120. 95 (18) 


P 1 po pi / 

CI — C2 — Clo 


1 tun ( 1 t\ 

122.67 (17) 


C4 — C3 — C2 


1 o o /" o / 1 a\ 

123.62 (19) 


C4 — C3 — H3 


1 in 1 

118.2 


p o P O TT1 

C2 — C3 — H3 


1 1 o o 

118.2 


/-if p /I PO 

C5 — C4 — C3 


117.88 (19) 


p r Z' ' A PI 1 C 

C5 — C4 — C15 


121.5 (2) 


P O p A pi f 

C3 — C4 — C15 


1 OA £ ZO\ 

120.6 (2) 


p A rir p a 

C4 — C5 — Co 


1 O 1 fi/1 /1 A\ 

121.94 (19) 


p ,j PC TIf 

C4 — C5 — H5 


1 1 A A 

119.0 


C6 — C5 — H5 


119.0 


PC f i /_ pi 

C5 — Co — CI 


1 1 O CA /1 0\ 

118.50 (18) 


t~*Z C~*£. /~M A 

CD — Co — C14 


11 /.93 (lo) 


p i p /- p i < 

CI — Co — C14 


1 O 1 C f / 1 

123.56 (17) 


p i\ p o P 1 o 

C9 — C8 — C13 


110 AC\ /10\ 

118.40 (18) 


p 1\ PO P 1 /I 

C9 — Co — C14 


1 O 1 A A / 1 0\ 

121.00 (18) 


C13 — Co — C14 


12U.59 (1 /) 


p 1 /\ pr* po 

CIO — C9 — Co 


1 O 1 O A / 1 A\ 

121.20 (19) 


p i (\ pn tta 

CIO — C9 — H9 


1 1 A A 

119.4 


p o pr^ tth 

Co — C9 — H9 


1 1 A A 

119.4 


p n pin p i i 

C9 — CIO — Cll 


1 1 o ao / 1 n\ 

118.48 (19) 


C9 — CIO — C20 


1 O 1 O O / 1 A\ 

12 1 .22 (19) 


pi 1 pi A 

C 1 1 — C 1 0 — CzU 


1 OA O O / 1 A\ 

120.28 (19) 


pi A pi 1 P 1 O 

C1U — Cll — Clz 


123.26 (19) 


pi A pi 1 TT11 

CIO — Cll — Hll 


1 1 O /I 

118.4 


P 1 O P11 TT11 

Clz — Cll — Hll 


1 1 O A 

118.4 


pi 1 pn pi O 

Cll — Clz — C13 


i i / r\ a /-I o\ 

116.04 (18) 


pi i pn poi 

Cll — C 1 2 — Cz 1 


122.33 (18) 


p i o p i o pi 1 
C13 — CI2 — C21 


1 O 1 /") / 1 T\ 

121.63 (17) 


/" VO P 1 O p O 

02 — C13 — Co 


i i n OT / 1 *7 \ 

117.27 (17) 


p O PIT P 1 O 

02 — CI 3 — C12 


1 O A 1 O / 1 T\ 

120.12 (17) 


C8— C13— C12 


122.61 (18) 


C8— C14— C6 


112.87(16) 


C8— C14— H14A 


109.0 


C6— CI 4— H14A 


109.0 


C8— C14— H14B 


109.0 


C6— CI 4— H14B 


109.0 



TTO/in po A TTO/I/^ 1 

H24B — C24 — H24C 


1 AA C 

109.5 


04 — C25 — C26 


110 AA /I A 

112.09 (16) 


/ "\ .1 POC PT7 

U4 — C25 — C37 


1 1 c aa /1 z:\ 

115.09 (16) 


p ^ /- poc pn 

C26 — C25 — C37 


1 AO TO /1 

102.78 (16) 


/ "\ A POC TTOC 

U4 — C25 — H25 


1 AO A 

108.9 


p -> /_ POC TTOC 

C26 — C25 — H25 


1 AO A 

108.9 


p O -7 POC TTOC 

C37 — C25 — H25 


1 AO A 

108.9 


p^n p -> /_ PO 1 

C27 — C26 — C3 1 


1 O 1 o /o\ 

121.2 (2) 


pi/ p^>c 
Cz / — C26 — C25 


1 O Q AO / 1 n\ 

128.98 (19) 


POI < o / POC 

C31 — C26 — C25 


1 AA T T / 1 0\ 

109.77 (18) 


p O / POT POO 

C26 — C27 — C28 


1 1 o c /o\ 

118.5 (2) 


p o /I pn TTOT 

C26 — C27 — H27 


1 OA O 

120.8 


POO pn TTOT 

C28 — C27 — H27 


1 OA O 

120.8 


/^OA POO poi 

C29 — C28 — C27 


1 O A O /ON 

120.3 (2) 


POA p o O TTOO 

C29 — C28 — H28 


119.8 


POT p o O TTOO 

C27 — C28 — H28 


119.8 


PTA pon POO 

C30 — C29 — C28 


121.0 (2) 


C30 — C29 — H29 


119.5 


POO /"^OA TTOA 

C28 — C29 — H29 


119.5 


p o A piA p^i 

C29 — C30 — C3 1 


1 1 A 1 ZO\ 

119.1 (2) 


pin pirt 

Cz9 — C30 — H30 


1 OA C 

12U.5 


C3 1 — C30 — H30 


1 OA C 

120.5 


f ' -> i\ P")1 PO/' 

C30 — C3 1 — C26 


1 1 A A /ON 

119.9 (2) 


PTA p -) i POO 

C30 — C3 1 — C32 


1 O 1 o /o\ 

131.2 (2) 


C26 — C3 1 — C32 


1 AO AO / 1 0\ 

108.92 (18) 


POO /"'I O POT 

C33 — C32 — C37 


1 O A 1 /O \ 

120.1 (2) 


POO /"<0O po 1 

C33 — C32 — C31 


1 O A O /O \ 

130.8 (2) 


POT pn p o 1 

C37 — C32 — C3 1 


1 AO AO { 1 OA 

108.98 (18) 


C34 — C33 — C32 


1 1 o o /o\ 

118.8 (2) 


p o A POO TTOO 

C34 — C33 — H33 


120.6 


POO p o O TTOO 

C32 — C33 — H33 


120.6 


POC PO /I p o o 

C35 — C34 — C33 


121.1 (2) 


Plf PT A \J1A 

CJ5 — CJ4 — H34 


1 1 A A 

1 19.4 


POO p o A TTO/1 

C33 — C34 — H34 


119.4 


p o yl p o C /" " O /" 

C34 — C35 — C36 


1 O A T /O \ 

120.7 (2) 


PO A PTC TTOC 

C34 — C35 — H35 


1 1 A T 

119.7 


p O pif TTOC 

C36 — C35 — H35 


1 1 A T 

119.7 


POT p ") /_ POC 

C37 — C36 — C35 


1 1 o o /o\ 

118.3 (2) 


POT p ~) /_ TTOzT 

C37 — C36 — H36 


1 OA O 

120.8 


PIC PT^ TT1£ 

C3 5 — C3 6 — H3 6 


1 OA O 

120.8 


A ^ O /I POT POO 

C 3 6 — C 3 7 — C 3 2 


1 O 1 A A { 1 A\ 

121.00 (19) 


p O /" POT p- o C 

C36 — C37 — C25 


1 O A 1 A / 1 A\ 

129.19 (19) 


/"^OO POT POC 

C32 — C37 — C25 


1 AA C A / 1 0\ 

109.54 (18) 


03— C38— C39 


113.16 (19) 


03— C38— H38A 


108.9 


C39— C38— H38A 


108.9 


03— C38— H38B 


108.9 


C39— C38— H38B 


108.9 


H38A— C38— H38B 


107.8 
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T T 1 /I A /"i 1 A T T 1 /I T~> 

H 1 4 A — C 1 4 — H 1 4B 


1 AT O 

107.8 


P • J p"1 -1 C TT1 f * 

C4 — C 1 5 — H 1 5 A 


109.5 


p a pip tii f n 

C4 — C 1 5 — H 1 5 B 


1 nn c 

1U9.5 


TT1CA ni f tti en 

HI 5 A — C15 — H15B 


1 nn c 

1U9.5 


p ,\ p | r tti r /-i 

C4 — C 1 5 — H 1 5 C 


1 nn c 

109.5 


TT1CA pi f tti rp 

H 1 5 A — C 1 5 — H 1 5 C 


1 nn c 

109.5 


tti cn pi c tti cr* 

H15B — C15 — H15C 


109.5 


pi i n p 1 p PIT 

C19 — do — C17 


1 nn o / 1 o\ 

lU9.o6 (lo) 


pi i n p t p PIO 

C19 — C16 — C18 


1 nzr /^i / 1 t\ 

lUo.oz (17) 


p i ^ p 1 p p -i o 

C17 — C16 — C18 


107.34 (18) 


C19 — C16 — C2 


111.66 (17) 


C17 — Clo — C2 


1 nn ci / 1 

109.51 (17) 


p 1 O P 1 /_ pi 

C 1 8 — C 1 6 — C2 


111 T1 / 1 T\ 

111.72 (17) 


p 1 p PIT TTin » 

Clo — C17 — H17A 


1 nn e 

109.5 


/~1 1 p p 1 ^7 TTI HTl 

Clo — C17 — H17B 


109.5 


tti n J p 1 rr tti nn 

H17A — C17 — H17B 


109.5 


pi / p 1 -T TTI qp 

Clo — C17 — H17C 


1 nn c 

109.5 


tti n » p 1 "7 T T 1 T /~i 

H17A — C17 — H17C 


1 nn e 

109.5 


T T 1 TTI p 1 ^7 tti np 

H 1 7B — C 1 7 — H 1 7C 


109.5 


pi / pi O TTI O A 

Clo — Clo — HloA 


1 nn c 

109.5 


pi / pin tti on 

Clo — Clo — HloB 


1 aa c 

109.5 


TTIOA pin TTI On 

H18A — C18 — H18B 


1 nn e 

109.5 


p • i p p i o T T 1 O P " 

Clo — C18 — H18C 


109.5 


TTIOA PI O TT1 Or 1 

HloA — Clo — HloC 


1 nn c 

109.5 


tti on p i o tti or 

H 1 oB — C 1 o — H 1 oC 


1 An c 

109.5 


P~1 -t p p 1 fl TTI A i 

Clo — C19 — H19A 


109.5 


p~i i p p i p\ t t 1 nn 

Clo — C19 — H19B 


109.5 


tti n a p' i n tti nn 

H19A — C19 — H19B 


1 nn c 

109.5 


r • \ r pin tti nr" 

Clo — C19 — H19C 


1 An c 

109.5 


TT1 fl A pi 1 (\ T T 1 A P ' 

H19A — C19 — H19C 


109.5 


t t 1 nn p i a t t 1 n f ^ 

H 1 9B — C 1 9 — H 1 9C 


109.5 


p i a pin TTin a 

CIO — C20 — H20A 


1 nn e 

109.5 


C 1 0 — C/0 — HzOB 


1 AO C 

109.5 


TTin A P 1 A TTIAn 

H20A — C20 — H20B 


109.5 


pi a p^a TTI AP 

C 1 0 — CzU — HzUC 


1 nn c 

109.5 


TTin a p'ia Tnnr 

HzUA — CzU — HzUC 


1 An c 

109.5 


TTinFl P1A TTI A/" - 

HzUB — CzU — HzUC 


1 nn c 

109.5 


PT1 pn p 1 1 

CzZ — Cz 1 — C 1 z 


111 jCO { 1 T\ 

111.68 (17) 


/"ill PH P11 

C22 — C21 — C23 


1 m /in / 1 on 

107.49 (18) 


pi 1 PI 1 P11 

C 1 2 — C2 1 — C23 


1 1 n 11 / 1 f \ 

110.13 (16) 


/"ill p^i PI/I 

C22 — C2 1 — C24 


1 m in / 1 *7\ 

107.20 (17) 


p i ^> Pi 1 PI /I 

C 1 2 — C2 1 — C24 


1 nn /IT / 1 *7\ 

109.47 (17) 


/"•II p^l PI A 

C23 — C21 — C24 


1 1 n oi / 1 

110.82 (16) 


C21 — C22— H22A 


109.5 


C21— C22— H22B 


109.5 


H22A— C22— H22B 


109.5 


C21— C22— H22C 


109.5 


H22A— C22— H22C 


109.5 


H22B— C22— H22C 


109.5 



p o p~i 1 (\ T T1 n A 

C38 — C39 — H39A 


109.5 


p •-> o p^ in tti nn 

C 3 8 — C 3 9 — H3 9B 


109.5 


TTin a Pin TTinn 

H39A — C39 — H39B 


109.5 


p i o pin TTin/"i 

C38 — C39 — H39C 


1 nn c 

109.5 


TTin A /"n A TTTAri 
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